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The unprecedented integrated luminosity of the KEKB electron-positron collider enables the
study of rare particle production processes and the high statistics analysis of particle proper-
ties in hithereto inaccesable detail. Three such analyses by the Belle collaboration examplary for
the opportunities opening up at the B-factories will be described in this article : The Measure-
ment of cross sections of exclusive e+e− → VP processes at
√
s = 10.58GeV, the study of the
e+e− → D0D∗−p+ cross section in events with initial-state radiation, and the measurement of
hp0 production in two-photon collisions.
The 2009 Europhysics Conference on High Energy Physics,
July 16 - 22 2009
Krakow, Poland
∗Speaker.
†Presentation on behalf of the Belle collaboration [1]
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1. Exclusive Vector-Pseudoscalar-Meson Production
The high integrated luminosity delivered by the KEKB asymmetric-energy electron-positron
collider enables the Belle Collaboration [2] to study rare exclusive two-body processes in e+e−
annihilation. An example of such highly suppressed processes are reactions of the type e+e− →
VP [3], where V and P stand for a Vector and Pseudoscalar meson respectively. It has been ob-
served [4, 5] that double charm production in e+e− → J/yhc has an unexpectedly high cross
section. The basic diagram for double charm production is very similar to the one describing
e+e− → fh(h′) where the c quarks are replaced by s quarks. Thus considering both reactions
together may contribute to a better understanding of the underlying physics. In addition, Belle has
also measured the reaction e+e− → rh(h′), which also belongs to the V P class with a different
isospin conﬁguration and light quarks only.
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Figure 1: The e+e− →VP cross sections as a function of
centre-of-mass energy squared. The Belle measurements
(blue) are shown together with results from CLEO (black)
and BaBar (red). The solid lines indicate a 1/s4 depen-
dence, the dashed lines a 1/s3.
The vector mesons, f and r, are
reconstructed in their charged decays,
f → K+K− and r → p+p−. For the
pseudoscalar mesons the following de-
cay modes are considered: h → gg,
h′ →p+p−g and h′ →hp+p−. For all
reconstructed V P combinations clear
signals are observed with signiﬁcances
ranging from 7.6 to 30.0 allowing for an
extraction of the production cross sec-
tions. The two decay modes of the h′
havebeencombinedfortheﬁnalresults,
shown in Fig. 1. Also shown are mea-
surements of the sameVP ﬁnal states at
different centre-of-mass (CM) energies
from CLEO [6] and BaBar [7], the latter
using initial state radiation.
Most QCD-based models predict
the energy dependence of the process
e+e− → VP to be 1/s4 [8, 9] while
the comparison of the measured cross
section of the process e+e− → fh by
CLEO and BaBar favours the 1/s3 dependence. The 1/s3 dependence of the process e+e− →VP
is predicted in [10]. Recently theoretical calculations of the e+e− →VP cross sections have been
published, which use the light cone approach [11, 12]. The authors of Ref. [11] claim that their
results favour a 1/s3 dependence. In Ref. [12] an asymptotic behaviour of s ∼ 1/s4 is expected
in the limit s → ¥. The 1/s3 and 1/s4 dependences are indicated in Fig. 1, however at present no
deﬁnite conclusion about the energy dependence of the e+e− →VP reaction can be drawn.
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2. Exclusive D0D∗−p+-Resonance Production ISR events
Using a data sample collected at the ¡(4S) resonance and nearby continuum with an integrated
luminosity of 695fb−1, the Belle collaboration studies open charm production near threshold via
the measurement of exclusive e+e− → D0D∗−p+ cross section as a function of centre-of-mass
energy from the D0D∗−p+ threshold to 5.2 GeV [13].
This study is motivated by the existence of a mysterious family of charmonium-like states
with masses above the open charm threshold and quantum numbers JPC = 1−−. Although these
states have been known now for several years, the nature of these states, ﬁrst found in e+e− →
p+p−J/y(y(2S))gISR processes, remains unclear. Among them are the Y(4260) state observed
by BaBar [14], conﬁrmed by CLEO [15] and Belle [16]; the Y(4350) discovered by BaBar [17]
and Belle [18] as well as the theY(4660) [18] and X(4630) [19] both observed by Belle.
In this most recent study, the D0 candidates are reconstructed using ﬁve decay modes: K−p+,
K+K−, K−p−p+p+, K0
s p+p− and K−p +p0. To improve the momentum resolution of the D
meson candidates, ﬁnal tracks are ﬁtted to a common vertex with a mass constraint on the nom-
inal D0 mass. D∗+ candidates are selected via the D∗+ → D0p+ decay mode with a D∗+ −D0
mass-difference window of ±2MeV/c2 around the nominal value. The obtained D0D∗−p+ mass
spectrum is shown in Fig. 2 (left). The hatched histogram indicates the contribution from combina-
torial background. Other background sources are found to be negligible. The e+e− → D0D∗−p+
cross section is extracted from the background subtracted D0D∗−p+ mass distribution. The result-
ing e+e− → D0D∗−p+ exclusive cross section averaged over the bin width is shown in 2 (right)
with statistical uncertainties only. The total systematic uncertainty, comprised of contributions
from background subtraction, cross section calculation, the D branching fractions, the signal re-
construction and Kaon identiﬁcation, amounts to 10%.
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Figure 2: Event yields (left) and cross section (right) as a function of the D0D∗−p+ mass.
A likelihood ﬁt to the MD0D∗−p+ distribution is performed where a possible y(4415) sig-
nal contribution is parameterised by an s-wave relativistic Breit-Wigner (RBW) function with a
free normalisation. Its mass and width are ﬁxed to the PDG values [20]. To take a non-resonant
D0D∗−p+ contribution into account a threshold function
√
M−mD0 −mD∗− −mp+ with a free nor-
malisation is used. Finally, the sum of the signal and non-resonant functions is multiplied by a
mass-dependent second order polynomial efﬁciency function and differential ISR luminosity. The
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Y(4260) Y(4350) Y(4660) X(4630)
s(e+e− → X)×B(X → D0D∗−p+), [nb] 0.36 0.55 0.25 0.45
Bee×B((X → D0D∗−p+), [×10−6] 0.42 0.72 0.37 0.66
B(X → D0D∗−p+)/B(X → p+p−J/y) 9
B(X → D0D∗−p+)/B(X → p+p−y(2S)) 8 10
Table 1: The upper limits on the peak cross sections for the processes e+e− → X → D0D∗−p+ at Ec.m. =
mX, Bee ×B(X → D0D∗−p+) and B(X → D0D∗−p+)/B(X → p+p−J/y(y(2S)) at 90% C.L., where
X =Y(4260), Y(4350), Y(4660), X(4630).
ﬁt yields 14.4±6.2(stat.)
+1.0
−9.5(sys.) signal events for the y(4415) state with a statistical signiﬁ-
cance of 3.1 s.
To obtain limits on the decays X → D0D∗−p+, where X denotes Y(4260), Y(4350), Y(4660)
or X(4630) four likelihood ﬁts to the MD0D∗−p spectrum are performed, each with one of the X
states, the y(4415) state and a non-resonant contribution. The same ﬁt function as before is used
except an additional RBW with free normalisation for the given X state. The width and mass of the
X state is ﬁxed to the values of previous measurements or – where available – to the PDG value.
The values of the amplitude of the Y(4260), Y(4350), Y(4660) and X(4630) signal function are
found to be consistent with zero within errors. The calculated upper limits (at the 90% C.L.) on the
peak cross sections for e+e− → X → D0D∗−p+ processes at Ec.m. = mX are presented in Tab. 1. In
particular no evidence for Y(4260) → D0D∗−p+ decays as predicted by hybrid models are found
within the present data sample.
No clear evidence for open charm production associated with any of these states has been ob-
served, neither in this most recent work nor in previous analysis. The absence of open charm decay
channels forY states, large partial widths for decay channels to charmonium plus light hadrons and
the lack of available JPC = 1−− charmonium levels are inconsistent with the interpretation of the
Y states as conventional charmonia. Further studies will be needed to clarify the nature of these
states.
3. Exclusive hp0-Production in Two-Photon events
The high statistics data samples accumulated by the Belle detector permit the detailed inves-
tigation of the exclusive production of hp0 in collisions of two photons radiated off the incoming
electron and positron. The results [21] are based on a data sample of 223fb−1.
Both the h and p0 are decaying to gg, therefore the process gg → hp0 is reconstructed as an
all neutral ﬁnal state. Each of the four g’s is required to have a minimum energy of Eg > 100MeV
each, while the total energy is less than 5.7GeV accounting for the beam electron and positron
escaping undetected along the beam line. The p0 candidate is required to have pT > 0.15GeV/c
and balanced by the h such that the combined pT of the p0 and h is less than 0.05GeV/c. The
raw yields of hp0 as a function of the gg centre-of-mass energy, W, is shown in Fig. 3a, together
with the estimated background. The resonance structures of the a0(980), a2(1320) and the less
prominent a2(1700) are visible.
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(a)
(b)
(c)
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Figure 3: The raw event yield (a) and cross sections (b, c, d) of the exclusive hp0 production in two-poton
collsions. For more details see text.
Parameter Unit a0(980) PDG: a0(980) a0(Y) PDG: a0(1450)
Mass MeV/c2 982.3+0.6
−0.7
+3.1
−4.7 984.7±1.2 1316.8+0.7
−1.0
+24.7
−4.6 1472±19
Gtot MeV 75.6±1.6+17.4
−10.0 50 – 100 65.0+2.1
−5.4
+99.1
−32.6 265±13
GggB(hp0) eV 128+3
−2
+502
−43 240+80
−70 432±6+1073
−256 unknown
Table 2: The parameters of the a0(980) and a0(Y) of the Belle analysis compared to the world averages.
The data has been corrected for efﬁciencies and resolutions to extract the differential cross
section in the kinematic range 0.84 < W < 4.0GeV, |cosq∗| < 0.8, where q∗ is p0 (or h) scat-
tering angle in the gg centre-of-mass system. Figure 3b shows the cross section in the resonance
region 0.9<W <2.3GeV compared to the previous measurement by Crystal Ball [22]. Both mea-
surements are found to be consistent, with a much improved precision for the Belle measurement
thanks to the almost two orders of magnitude larger data sample. A dedicated partial wave analysis,
illustrated in Fig. 3d, is performed to extract the parameters of the resonances reported in Tab. 3.
The energy and angular dependence above 3.1GeV are compared with those measured in
the p0p0 channel. The measured cross section ratio is consistent with QCD predictions. The W-
dependence of the integrated hp0 cross section follows a power lawW−n with n=10.5±1.2±0.5,
in agreement with the result found for K0
s K0
s pairs, n = 10.5±0.6±0.5 (|cosq∗| < 0.6) [23], close
to the expected value of 10. In Fig. 3c theW dependence of the hp0 shown together with the p0p0
cross section for which n = 8.0±0.5±0.4 has been reported [24].
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